Aims This study investigates the link between personal income and smoking among adolescents, and aims to answer the following questions: (i) to what extent is personal income related to smoking, independent of family socio-economic status (SES) and (ii) does the association between personal income and smoking apply to different subpopulations?
INTRODUCTION
The literature provides evidence on higher smoking prevalence rates among adolescents with a higher personal income [1] [2] [3] [4] [5] [6] [7] [8] . This association was observed in middleincome countries such as China [3] and India [1, 4] , and high-income countries and regions such as England [5] , Scotland [8] and the United States [7] . The relationship was also observed for various indicators such as current smoking [3, 4, 7, 8] , heavy smoking [5] and amount spent on cigarettes [6] .
However, the relationship between adolescents' income and smoking is likely to be heterogeneous, because personal income during adolescence reflects complex dimensions. Although we may think that youths from more advantaged social backgrounds have higher personal incomes, West et al. [9] show that adolescents from lower social classes, from single-parent families and from more deprived areas have higher personal incomes. This may translate into greater consumerist attitudes and consumer possessions. West et al. [9] discuss whether personal income possibly reflects a greater orientation in lower classes toward immediate (versus deferred) gratification and permeability to consumer pressures compared with individuals in higher classes. The association between adolescents' personal income and their smoking behaviour may therefore reflect the impact of their family's socio-economic status (SES), such as parental education, occupation or income, rather than financial resources that they have at their disposal.
Also, personal income may have a different impact on demographic subpopulations, defined in terms of age, sex or SES [10] [11] [12] . It was observed, in particular, that the relationship was lower among adolescents from low SES families, attributed potentially to the greater access to cigarettes from non-commercial sources and illegal trade [8] . We may also expect the link to be greater among older adolescents who earn more money and are more likely to be addicted, and may thus rely more heavily upon cigarettes from commercial sources. Finally, smokers who obtain their cigarettes from commercial sources may be more influenced by their financial means than those who obtain them from non-commercial ones.
This paper aimed to contribute to our understanding of the relationship between personal income and smoking by answering the following questions: (i) to what extent is adolescent personal income associated with smoking behaviour, independent of family SES; and (ii) is an association between personal income and smoking observed from different subpopulations? This paper uses data from 14-17-year-old adolescents from six European cities.
METHODS

Design and study population
We used data from the SILNE project (Tackling socio-economic inequalities in smoking: learning from natural experiments by time trend analyses and cross-national comparisons), which surveyed adolescents aged 14-17 years. The data were collected at 50 schools in six cities from six European countries (Namur, Belgium; Tampere, Finland; Hannover, Germany; Latina, Italy; Amersfoort, the Netherlands; and Coimbra, Portugal) through self-administered questionnaires applied between January and November 2013.
The cities were selected because of their size, income and employment rate being close to the national average. In each city, stratified sampling was performed to select schools from low and high socio-economic contexts and different school types. In all schools, all students from two grades in secondary education, corresponding to the targeted age groups, were invited to participate. The participation rate of this survey was 79.0%. The final sample included 10 794 adolescents. The questionnaire included questions on several dimensions of socioeconomic status, life-style and wellbeing at school. For more information on this survey, including design, sample size and ethical approval, see Lorant et al. [13] .
Measures
Outcomes
We modelled smoking behaviours using a four-category variable representing increasingly regular smoking (never smoker, experimenter, weekly smoker and daily smoker) and a continuous variable (smoking intensity). All variables related to smoking were based on Mayhew et al. [14] . Smoking behaviour was measured with three questions. All respondents were asked: 'Have you ever tried cigarette smoking, even just a few puffs?' ('yes' or 'no'). Then, those answering 'yes' were asked: 'How many cigarettes have you smoked altogether until now?' (four categories ranging from 'only one' to 'more than 100') and 'How many cigarettes have you smoked during the last 30 days?' (eight categories ranging from 'none' to 'more than 30 cigarettes per day').
Experimenters included those who reported having ever tried cigarette smoking and/or those having smoked more than one cigarette in their life, including one or two cigarettes during the last 30 days. Weekly smokers were respondents who reported having smoked one or two cigarettes per week during the last 30 days. Daily smokers included those who reported smoking at least one cigarette per day during the last 30 days. Each smoking variable was mutually exclusive; that is, the experimenters did not include the weekly and daily smokers, and the weekly smokers did not include the daily smokers.
The intensity of smoking among daily smokers was defined as the number of cigarettes smoked in the last 30 days, based on categories '1-5 per day', '6-10 per day', '11-20 per day', '21-30 per day' or 'more than 30 per day' (note that the eight original categories were reduced to five because we only considered those corresponding to daily smoking). We calculated the total number of cigarettes per month using the mid-interval values for each category, which we multiplied by 30. For the upper category, the value was fixed using the method proposed by Parker & Fenwick [15] . This resulted in a value of 38 cigarettes per day among daily smokers.
Predictor
Personal income was determined by asking: ' About how much money do you usually get each week to spend on yourself or to save from pocket money (allowances) and jobs like babysitting, delivering papers, etc.?'. Answers included six categories: 'zero', 'less than €5', '€6-10', '€11-20', '€21-50', '€51-100' and 'more than €100'. In order to obtain cross-country comparable categories, this variable was recoded into country-specific quintiles. For Italy the first quintile corresponded to the first category (zero); in Portugal and Belgium to the two first categories (zero or less than €5); in the remaining countries to the three first categories (up to €10). The fifth quintile corresponded to the last two categories (above €50) in all countries except Portugal and Italy, where it corresponded to the last three categories (above €20).
Covariates
Potential confounders included age, sex, parental smoking status, country and family SES. These potential confounders were selected because of their expected influence on both smoking and personal income. Parental smoking status was assessed by the question: 'Does any member of your household smoke cigarettes?', with 'mother' and 'father' among the possible answers to be selected. We created two separate binary variables for maternal smoking and paternal smoking (yes = 1, no = 0). A recent study using data from the SILNE survey demonstrated the strong link between parental and adolescent smoking [16] , in line with previous evidence [17] .
Family SES was measured using three variables in order to capture different dimensions of SES; namely: (i) Family Affluence Scale (FAS) [18] , (ii) Subjective Social Status (SSS) [19] and (iii) paternal and maternal education level.
The FAS represents the material wealth of the family, and ranges between 0 (lowest) and 7 (highest) [18] . It was designed to reflect material living conditions, and its link with adolescents' health and health behaviour, including with smoking, was observed [18, 20] . The SSS was conceived to capture the subjective internalized perception of social status [19] , and was shown to be linked strongly to several health measures among adolescents [21] , including smoking [22] . SSS was measured with responses on a 10-category scale to the question: 'Imagine that this ladder depicts how country society is made up. Fill in the circle that best represents where your family would be on this ladder'. Finally, parental education is the most commonly used objective SES indicator, showing a robust relationship with adolescent smoking [23] . In this study parental education was grouped into low, middle and high categories, corresponding to primary, secondary and tertiary education, respectively.
As variable of interest for the stratification analysis, we distinguished cigarette buyers and non-buyers dichotomously with the question: 'During the past 30 days, how did you usually get your own cigarettes?'. Adolescents answering exclusively: 'I bought them in a shop', 'I bought them from a vending machine' or 'some other(s) person(s) bought them for me' were considered 'buyers'. Those who did not choose any of these options, or jointly ticked other options, were considered 'non-buyers' (i.e. those who responded having obtained their cigarettes from parents, siblings or friends or having stolen them). As a large proportion of young smokers do not buy their cigarettes but obtain them from social sources (more than 60%, according to a study in the United States [24] ), especially as a response to strict bans on tobacco sales to minors, we expect the impact of personal income on smoking to be greater among those who buy their cigarettes.
Statistical analysis
We used random-effect multinomial logistic regressions to model the likelihood of being an experimenter, a weekly smoker and a daily smoker. The model used never-smokers as the reference category for the dependent variable in multinomial logistic regressions, thereby contrasting those who experimented smoking with those who never smoked, those who smoke weekly with those who never smoked and those who smoke daily with those who never smoked.
Random-effect models were used to account for random school clustering effect. We also attempted to fit a random effect for country to allow a wider inference to other similar countries. This model did not converge, and we therefore included countries as a fixed effect. This has the effect of restricting our results to only the six countries studied.
Smoking intensity (number of cigarettes) was modelled using random-effect generalized linear models assuming a gamma distribution and a log-link. We tested several distributions using the Akaike information criterion (AIC). The lower the AIC value, the better the goodnessof-fit, according to which the gamma was selected (AIC = 7.9 for gamma, 11.9 for normal, 112.7 for Poisson, 8.0 for negative binomial distribution).
All analyses were performed, in a first model, as function of the personal income, adjusting for age, sex, parental smoking and country. To test whether the relationship between personal income and smoking was due to personal income being a proxy of family SES, in a second model we analysed further the extent to which the personal income-smoking link was confounded by adding the family SES variables as covariates.
In order to evaluate the consistency of results throughout subpopulations, we tested the significance of interactions between the personal income variable and several factors; namely, age, sex, family SES and country. For smoking intensity, we also tested the interaction between personal income and the cigarette buyer/nonbuyer variable. If any interaction was significant, we performed stratified analyses.
Analyses were conducted in STATA version 13 (Stata Corp., College Station, TX, USA).
RESULTS
Compared to smokers, the non-smokers were slightly younger and much less likely to have smoking parents (Table 1) . Non-smokers were more likely to be in the lowest personal income quintile (38.0% were in the lowest quintile, compared to 17.6% among weekly smokers, and 16.7% among daily smokers). Compared to all other subpopulations, daily smokers came more often from less affluent families, and their parents were more likely to have a lower education level (33.7% of daily smokers had a low-educated father and 25.9% a low-educated mother for 22.7% and 18.7% among non-smokers, respectively). Boys were also more represented than girls among daily smokers. Finally, Italy and Belgium accounted for a larger proportion of daily smokers, and the Netherlands for a larger proportion of non-smokers. Figure 1 highlights the positive link between personal income and all family SES indicators.
Adolescents in the highest personal income quintile were more likely to be smoking experimenters [odds ratio (OR) = 1.87; 95% confidence interval (CI) = 1.08, 1.46], weekly smokers (OR = 3.51; 95% CI = 2.41, 5.10) and daily smokers (OR = 4.55; 95% CI = 3.64, 5.69) than those in the lowest quintile ( Table 2 ). The daily smoking adolescents in the highest quintile also consumed, on average, 0.56 more cigarettes per month (95% CI = 0.35, 0.77). We observed a gradient in daily smoking; that is, the odds ratio was 1.70 for the 2nd quintile, 3.20 for the 3rd quintile, 3.44 for the 4th quintile and 4.55 for the highest quintile. Odds ratios were as expected for the covariates, with a slightly higher smoking risk among older adolescents, and among those with smoking parents.
The inclusion of family SES did not seriously reduce the association of any of the indicators with personal income (Table 3) . For daily smoking, the magnitude of the estimates increased, i.e. the association between personal income and smoking was stronger when family SES was included in the model.
We did not observe any significant interaction for the experimenter, weekly smoker and daily smoker variables The total sample does not correspond to the sum of the samples for categories because smoking experimenters do not include those who have just tried a few puffs in their lifetime. SD = standard deviation.
( Table 4) . In other terms, the associations of personal income with all smoking indicators were consistent across age, sex, family SES categories and throughout countries. By contrast, for smoking intensity the interactions were significant between personal income and subjective social status and father education. We thus performed a stratified analysis for these covariates, which showed a non-significant difference between the highest and the lowest personal income quintiles among those with the lowest subjective social status and among those with a low-educated father (Table 5) .
DISCUSSION
Key findings
Adolescent personal income was associated positively with smoking experimentation, weekly and daily smoking and smoking intensity among daily smokers. The gradient was particularly clear in respect of daily smoking. These associations remained and, in the case of daily smoking, became stronger after controlling for family SES. The associations between personal income and smoking habits were consistent throughout countries, age and SES groups for boys and girls and regardless of whether or not adolescents bought their cigarettes. By contrast, smoking intensity was not related significantly to personal income among those with the lowest family SES.
Interpretation
Using a large sample of adolescents from different European cities, the results confirm earlier findings on the strong relationship between personal income and smoking [1] [2] [3] [4] [5] [6] [7] . Additionally, we found that personal income had an independent association with smoking, and did not act as a mere proxy of family SES. This association was observed for different contexts and groups, confirming the robustness of the association between personal income and smoking. The consistence of findings across subpopulations and the existence of a gradient for the risk of daily smoking argues in favour of a causal relationship [25] . Regarding our first question, family SES did not explain the association between personal income and smoking; on the contrary, the inclusion of family SES factors increased the magnitude of the association between personal income and daily smoking. Although personal income and family SES were related positively, as it is sometimes the case in the literature [8] , a higher personal income elevates the risk of smoking while a higher family SES reduces it [26] . To some extent, this result is not a surprise because personal income signals an independent behaviour, especially if the money is obtained from employment [27] . This supports earlier studies reporting that adolescents' own SES was more predictive of smoking than family SES [28, 29] .
The positive relationship between personal income and smoking contrasts with the results for adults, who are more likely to smoke at lower levels of income. These contrasting patterns between adolescents and adults were demonstrated clearly by Blakely et al. [30] , who found that a higher income increased the odds of smoking among those aged 15-24, while it reduced the odds of smoking for those older than 25.
We see six possible explanations for the opposite link between income and smoking between adolescents and adults. First, adolescents in the lowest personal income category have very little or no money at all. This is a powerful barrier against smoking. In contrast, among adults, having a low income makes cigarettes less affordable but not inaccessible. Secondly, there is no obvious transition from higher personal income during adolescence towards higher revenues in adulthood. The richest Figure 1 Personal income and socio-economic background. € = euro adolescents will not necessarily become the richest adults. This contrasts with the case of education: adolescents with lower grades are more likely to smoke [31] , as are loweducated men [32] , and lower grades during adolescence and low educational achievement in adulthood are related strongly [33] . Thirdly, unobservable characteristics specific to adolescence may cause both smoking and a higher personal income, which are correlated because of this common explanatory factor. A possible cause would be, for example, a greater autonomy with respect to parents or teachers, in combination with lower parental control [27] , leading to the opportunity to obtain a higher personal income as well as to adopt risky behaviours. Fourthly, as far as adolescents are less addicted to smoking, they may be more responsive to economic incentives such as income and prices. As addiction increases, it is more difficult to stop smoking or decrease the cigarette consumption following a negative income shock or a rise in prices. Fifthly, the reasons for the inverse gradient in smoking among adults are related to causes that may not prevail among adolescents, such as chronic stress caused by deprivation and living in disadvantaged neighbourhoods or low access to smoking cessation services [34] . Finally, the literature indicates that while there is an inverse relationship among adults between income and smoking, a short-term increase in income may lead to higher cigarette consumption [35] . A natural experiment in the United States showed, for example, that an expansion of the Earned Income Tax Credit Program, a wage supplement programme for low-income workers, was associated with an increase in the number of cigarettes consumed [36] . This result may explain the opposite role of income between adolescents and adults if we interpret the adolescents' personal income as a temporary situation related, for example, to a student job, while the adults' income reflects other resources such as knowledge, prestige or power [35] . The weaker relationship between personal income and smoking among low SES adolescents, also observed by West et al. [8] , is not straightforward to interpret. West et al. [8] suggest that this result may be caused by a greater opportunity to access cigarettes through non-commercial sources, because low SES adolescents are more likely to have smoking parents and friends. However, no statistical difference in the association between smoking intensity and personal income was observed between cigarette buyers and non-buyers, contradicting this explanation. Also, low SES adolescents in our sample had a lower personal income on average, so that it is unlikely that cigarettes were more affordable in this group. A recent qualitative study on Scottish adolescents from deprived areas suggested that some adolescents received money from their parents specifically to buy cigarettes, which adolescents may not view as personal income [37] . A recent paper also showed that low SES adolescents were more exposed to smoking by their friends [26] , so that the exchange of cigarettes may be more common in that group, attenuating the influence of personal income. Hence, there would be ways for low SES adolescents to circumvent the lack of personal income to get cigarettes, explaining why personal income has a weaker impact. The weak association of smoking and personal income in these cases may explain, in part, why the sensitivity to price among adolescents is highly variable in the literature, with low values in some cases [38, 39] , related to the relatively low responsiveness to economic circumstances.
Limitations
This study has some limitations. First, no information was collected on cigarette expenditure or on the different uses of the personal income. This lack of information precluded the precise measurement of the income elasticity of cigarette expenditures, which would be especially important for defining tax values. However, the aim of this paper was to understand more clearly the relationship between personal income and smoking behaviours, and not to produce detailed elasticity estimates, which require other types of information. Secondly, the comparison was limited to six countries characterized by small differences in the price of tobacco; indeed, the weighted average price of a pack in 2013 varied from €3.85 in Portugal to €5.29 in the Netherlands [40] . A broader study including more countries with more differentiated characteristics could increase the contrasts in exposure and thereby improve the strength of conclusions. Also, because countries were fixed in the analysis, it cannot be inferred that the results apply to any other countries.
Thirdly, because the survey had a single question concerning personal income, we have not been able to assess how smoking is related to the sources of income. For example, one study found that students who receive money from part-time employment are more likely to purchase fast food and alcohol (but not cigarettes) than those who receive money from their parents [6] . Buying behaviour may also differ if the money is received in cash or paid electronically into bank accounts.
Finally, it is unclear from our results whether personal income influences smoking or smoking influences the personal income. Indeed, it may be that smokers, especially those who have developed nicotine dependency, implement strategies to obtain a higher personal income in order to afford cigarettes. Unfortunately, only longitudinal data would help to determine the direction of causation. The association reveals clearly, however, that youths are sensitive to financial incentives, either in the sense that more income allows them to smoke, or that smoking encourages them to earn money to buy cigarettes.
CONCLUSION
Adolescents' personal income is a strong predictor of smoking status and, among daily smokers, of smoking intensity. These associations remained, and in the case of daily smoking became stronger, after controlling for family SES. This result highlights that adolescents are sensitive to economic incentives, confirming that price increases may be effective in preventing youth smoking experimentation and weekly smoking. However, the association between the intensity of smoking and personal income was weaker among low SES adolescents, suggesting that economic arguments may be less effective to discourage smoking in this group, with the potential unintended consequence of increasing inequalities in smoking.
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